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Case No. 93A007 
"Molecular Sieve Layers and Processes 
for their Manufacture" 
This invention relates to molecular sieves, more 
especially to crystalline molecular sieves, and to layers 
containing them. More especially, the invention relates 
to a layer, especially a supported layer, containing 
particles of a crystalline molecular sieve. 

Molecular sieves find many uses in physical, 
physicochemical, and chemical processes, most notably as 
selective sorbents, effecting separation of components in 
mixtures, and as catalysts. In these applications, the 
crystallographically-def ined pore structure within the 
molecular sieve material is normally required to be open, 
and it is then a prerequisite that any structure- 
directing agent, or template, that has been employed in 
the manufacture of the molecular sieve be removed, 
usually by calcination. 

Numerous materials are known to act as molecular 
sieves, among which zeolites form a well-known class. 
Examples of zeolites and other materials suitable for use 
in the invention will be given below. 

When molecular sieves are used as sorbents or 
catalysts they are often in granular form. Such granules 
may be composed entirely of the molecular sieve or be a 
composite of a binder or support and the molecular sieve, 
with the latter distributed throughout the entire volume 
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of the granule. In any event, the granule usually 
contains a non-molecular sieve pore structure which 
improves mass transfer through the granule. 

The support may be continuous, e.g., in the form of 
a plate, or it may be discontinuous, e.g., in the form of 
granules. The molecular sieve crystals may be of such a 
size that, although the pores of the support are occupied 
by the crystals, the pores remain open. Alternatively, 
the molecular sieve may occupy the pores to an extent 
that the pores are effectively closed; in this case, when 
the support is continuous a molecular sieve membrane may 
result . 

Thus, depending on the arrangement chosen and the 
nature and size of the material to be contacted by the 
molecular sieve, material may pass through the bulk of 
the molecular sieve material entirely through the pores 
of the molecular sieve material, or entirely through 
interstices between individual particles of the molecular 
sieve material, or partly through the pores and partly 
through the interstices. 

Molecular sieve layers having the permeation path 
entirely through the the molecular sieve crystals have 
been proposed for a variety of size and shape selective 
separations. Membranes containing molecular sieve 
crystals have also been proposed as catalysts having the 
advantage that they may perform catalysis and separation 
simultaneously if desired. 
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In EP-A-135069, there is disclosed a composite 
membrane comprising a porous support, which may be a 
metal, e.g., sintered stainless steel, an inorganic 
material, or a polymer, one surface of which is combined 
with an ultra thin (less than 25 nm) film of a zeolite. 
In the corresponding U.S. Patent No. 4,699,892, it is 
specifically stated that the zeolite is non-granular. In 
EP-A-180200, a composite membrane is disclosed, employing 
a zeolite that has been subjected to microf iltration to 
remove all particles of 7.5 nm and above. The membrane 
is made by impregnation of a porous support by the 
ultraf iltered zeolite solution, resulting in a distribu- 
tion of the zeolite crystals within the pore structure. 

In EP-A-481660, which contains an extensive 
discussion of earlier references to membranes, there is 
disclosed a zeolite membrane on a porous support, in 
which the zeolite crystals are stated to form an 
essentially continuous layer over and be directly bonded 
to the support. The membrane is formed by immersing the 
support in a synthesis gel, multiple immersions being 
employed to ensure that any pinholes are occluded by the 
zeolite crystals being formed within the pores. 

Zeolites with a small particle size and narrow size 
distribution are disclosed for use in composite poly- 
dimethylsiloxane membranes in J. Mem. Sci. 73 (1992) p 
119 to 128, by Meng-Dong Jia et al; however, the crystal 
size, though uniform, is within the range of 200 to 
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500 nm. Bein et al, in Zeolites, Facts, Figures, Future, 
Elsevier, 1989, pp 887 to 896, disclose the manufacture 
of zeolite Y crystals of a size of about 250 nm and 
embedding them in a glassy silica matrix. 

In Zeolites, 1992, Vol. 12, p 126, Tsikoyiannis and 
Haag describe the formation of membranes from zeolite 
synthesis gels on both porous and non-porous supports; 
when the support is non-porous, e.g., poly- 
tetrafluorethylene or silver, the membrane is separable 
from the support. When the support is porous, e.g., a 
Vycor (a trademark) porous glass disk, the membrane is 
strongly bonded to the surface, zeolite crystallization 
within the pores being prevented by presoaking the disk 
in water. 

Numerous other techniques for forming membranes have 

been proposed. 

In EP-A-397216, methods of making crack- and 
pinhole-free alumina films of a thickness within the 
range of from 0.01 to 2 on a porous support layer are 
described, the methods including brush, spray, dip, spin 
coating, electrophoretic and thermophoretic techniques. 
The membranes may be pretreated. 

Despite the proposals in these literature and patent 
* references, there still remains a need for a supported 
■ inorganic molecular sieve layer having a controllable 
thickness that may, if desired, be of a thickness of the 
order of only a few microns. There accordingly also 
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remains a need for a process of manufacturing such a 
layer whereby the uniformity of the layer thickness may 
be controlled, even when the layer is thin. 

Such a layer and a process for its manufacture make 
possible the production of a number of useful products, 
including membranes, which because of their uniformity 
and thinness will have predictable properties, and will 
permit a high flux. 

It has now been found that such a supported layer is 
obtainable using as starting material a crystalline 
molecular sieve of very small particle size, preferably 
of a size that a true colloidal dispersion of the 
particles may be obtained, and preferably also of a 
narrow particle size distribution. 

In a first aspect of the invention, there is 
provided a layer comprising a supported inorganic layer 
comprising contiguous particles of a crystalline 
molecular sieve, the particles having a mean particle 
size within the range of from 20 nm to 1 jm. 

Advantageously, in the first aspect of the inven- 
tion, the mean particle size is within the range of from 
20 to 500 nm, preferably it is within the range of from 
20 to 300 nm and most preferably within the range of fror 
20 to 200 nm. Alternatively, the mean particle size is 
advantageously such that at least 5% of the unit cells 
of the crystal are at the crystal surface. 

In a second aspect of the invention, there is 
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provided a supported inorganic layer comprising 
particles of a crystalline molecular sieve, the particles 
having a mean particle size within the range of from 20 
to 20 0 nm. 

In both the first and second aspects of the 
invention, the layer comprises molecular sieve particles; 
these are identifiable as individual particles (although 
they may be intergrown as indicated below) by electron 
microscopy. The layer, at least after calcining, is 
mechanically cohesive and rigid. Within the interstices 
between the particles in this rigid layer, there may 
exist a plethora of non-molecular sieve pores, which may 
be open, or partially open, to permit passage of material 
through or within the layer, or may be completely sealed, 
permitting passage through the layer only through the 
pores in the particles. 

Advantageously, the particle size distribution is 
such that 95% of the particles have a size within ±33% of 
the mean, preferably 95% are within ±10% of the mean and 
most preferably 95% are within ±7.5% of the mean. 

It will be understood that the particle size of the 
molecular sieve material forming the layer may vary 
continuously or stepwise with distance from the support. 
In such a case, the requirement for uniformity is met if 
the particle size distribution is within the defined 
limit at one given distance from the support, although 
advantageously the particle size distribution will be 
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within the defined limit at each given distance from the 
support. 

The use of molecular sieve crystals of small 
particle size and preferably of homogeneous size 
distribution facilitates the manufacture of a three- 
dimensional structure which may if desired be thin but 
which is still of controlled thickness. 

In the first aspect of the invention, the particles 
are contiguous, i.e., substantially every particle is in 
contact with one or more of its neighbours, although not 
necessarily in contact with all its closest neighbours. 
Such contact may be such in some embodiments that 
neighbouring crystal particles are intergrown, provided 
they retain their identity as individual crystalline 
particles. Advantageously, the resulting three 
dimensional structure is grain-supported, rather than 
matrix-supported, in the embodiments where the layer does 
not consist essentially of the crystalline molecular 
sieve particles. In a preferred embodiment, the 
particles in the layer are closely packed. 

In the second aspect of the invention, the particles 
may be contiguous, but need not be. 

A layer in accordance with either the first or the 
second aspect of the invention may be constructed to 
contain passageways between the particles that provide a 
non-molecular sieve pore structure through or into the 
layer. Such a layer may consist essentially of the 
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particles or may contain another component, which may be 
loosely termed a matrix which, while surrounding the 
particles, does not so completely or closely do so that 
all pathways round the particles are closed. 
Alternatively, the layer may be constructed so that a 
matrix present completely closes such pathways, with the 
result that the only path through or into the layer is 
through the particles themselves. 

It will be understood that references herein to the 
support of a layer include both continuous and 
discontinuous supports . 

References to particle size are throughout this 
specification to the longest dimension of the particle 
and particle sizes are as measured by direct imaging with 
electron microscopy. Particle size distribution may be 
determined by inspection of scanning electron micrograph 
images, and analysing an appropriately sized population 
of particles for particle size. 

As molecular sieve, there may be mentioned a 
silicate, an alumdnosilicate , an aluminophosphate , a 
silicoaluminophosphate, a metalloaluminophosphate , or a 
metal loaluminophosphosilicate . 

The preferred molecular sieve will depend on the 
chosen application, for example, separation, catalytic 
applications, and combined reaction separation. There 
are many known ways to tailor the properties of the 
molecular sieves, for example, structure type, chemical 
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composition, ion-exchange, and activation procedures. 

Representative examples are molecular 
sieves/ zeolites of the structure types AFI , AEL, BEA, 
CHA, EUO, FAU, FER, KFI , LTA, LTL, MAZ , MOR, MFI , MEL, 
MTW, OFF and TON. 

Some of the above materials while not being true 
zeolites are frequently referred to in the literature as 
such, and this term will be used broadly in the specific- 
ation below. 

A supported layer according to the invention may be 
manufactured in a number of different ways. In one 
embodiment the invention provides a process of making a 
layer by deposition on a support from a colloidal zeolite 
suspension obtainable by preparing an aqueous synthesis 
mixture comprising a source of silica and an organic 
structure directing agent in the form of a hydroxide in a 
proportion sufficient to effect substantially complete 
dissolution of the silica source in the mixture at the 
boiling temperature of the mixture, and crystallization 
from the synthesis mixture at at most 120°C. The 
synthesis mixture will contain, in addition, a source of 
the other component or components, if any, in the 
zeolite . 

The particle size of the crystals formed may be 
controlled by the crystallization temperature, and the 
process is capable of giving crystals of highly uniform 
particle size, in a size such that a stable colloidal 
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suspension may be obtained. A stable colloidal 
suspension is one in which no visible separation occurs 
on standing for a prolonged period, e.g., one month. 
Details of the procedure for preparing the colloidal 
suspension mentioned above are given in our co-pending 
Application No. PCT/EP92/02386 , the entire disclosure of 
which is incorporated by reference herein. 

The invention also provides a supported layer made 
by the above process. 

In accordance with preferred processes according to 
the invention, the silica is advantageously introduced 
into the synthesis mixture in colloidal form e.g., as 
silicic acid. 

The organic structure directing agent is 
advantageously introduced into the synthesis mixture in 
the form of a base, specifically in the form of a 
hydroxide, but a salt, e.g, a halide, especially a 
bromide, may be employed. 

The structure directing agent may be, for example, 
the hydroxide or salt of tetramethy lammonium (TMA) , 
tetraethylammonium (TEA) , tr iethy Imethy lammonium (TEMA) , 
tetrapropylammonium (TPA) , tetrabuty lammonium (TBA) , 
tetrabutylphosphonium (TBP) , tr imethy lbenzy lammonium 
(TMBA) , trimethylcetylammonium (TMCA) , tr imethy lneo- 
pentylammonium (TMNA) , tr iphenylbenzy lphosphonium (TPBP) , 
bispyrrolidinium (BP) , ethy Ipyr idinium (EP) , 
diethylpiperidinium (DEPP) or a substituted 
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azoniabicyclooctane, e.g. methyl or ethyl substituted 
quinuclidine or 1 , 4 -diazoniabicyclo- (2,2,2) octane . 

Preferred structure directing agents are the 
hydroxides of TMA, TEA, TPA and TBA . 

Further processes for the manufacture of layers 
according to the invention, including specific methods of 
depositing the molecular sieve on the support and post- 
treatment of the resulting layer, will be given below. 

The thickness of the molecular sieve layer is 
advantageously within the range of 0.1 to 15 y.m, 
preferably from 0.1 to 2 jLtm. Advantageously, the 
thickness of the layer and the particle size of the 
molecular sieve are such that the layer thickness is at 
least twice the particle size, resulting in a layer 
several particles thick rather than a monolayer of 
particles. 

Advantageously, the layer is substantially free of 
pinholes, i.e., substantially free from apertures of 
greatest dimension greater than 0.1 pm. Advantageously, 
at most 0.1% and preferably at most 0.0001% of the 
surface area is occupied by such apertures. 

Depending on the intended end use of the layer, a 
greater or smaller proportion of the area of the layer 
may be occupied by macropores, apertures having a 
greatest dimension less than 0.1 /zm but greater than 
1 nm. These macropores may be formed by the interstices 
between the crystals of the molecular sieve, if the layer 
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consists essentially of the molecular sieve, and 
elsewhere, if the layer comprises the molecular sieve and 
other components. Such layers may be used, inter alia, 
for ultrafiltration, catalytic conversion, and separa- 
tions based on differences in molecular mass (Knudsen 
diffusion) , and indeed for any processes in which a high 
surface area is important. 

The layer advantageously has a large proportion of 
its area occupied by crystalline-bounded micropores, 
i.e., pores of a size between 0.2 and 1 nm, depending on 
the particular molecular sieve being employed. Pores of 
size within the micropore range result, for example, when 
the layer contains a component in addition to one derived 
from colloidal molecular sieve particles. In another 
embodiment especially suitable for ultrafiltration, the 
layer contains nanopores, i.e., pores of a size between 1 
and 10 nm. 

The layer support may be either non-porous or, 
preferably, porous, and may be continuous or particulate. 
As examples of non-porous supports there may be mentioned 
glass, fused quartz, and silica, silicon, dense ceramic, 
for example, clay, and metals. As examples of porous 
supports, there may be mentioned porous glass, sintered 
porous metals, e.g., steel or nickel (which have pore 
sizes typically within the range of 0.2 to 15 /im) , and, 
especially, an inorganic oxide, e.g., alpha-alumina, 
titania, an alumina/ z irconia mixture, or Cordierite. 
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At the surface in contact with the layer, the 
support may have pores of dimensions up to 50 times the 
layer thickness, but preferably the pore dimensions are 
comparable to the layer thickness. 

Advantageously, the support is porous alpha-alumina 
with a surface pore size within the range of from 0.08 to 
10 /Lira, preferably from 0.08 to 1 /im, most preferably 
from 0.08 to 0.16 /zm, and advantageously with a narrow 
pore size distribution. The support may be multilayered ; 
for example, to improve the mass transfer characteristics 
of the layer, only the surface region of the support in 
contact with the layer may have small diameter pores, 
while the bulk of the support, toward the surface remote 
from the layer, may have large diameter pores. An 
example of such a multilayer support is an alpha-alumina 
disk having pores of about 1/xro diameter coated with a 
layer of alpha-alumina with pore size about 0.08 m™- 

The invention also provides a structure in which the" 
support, especially a continuous porous support, has a 
molecular sieve layer on each side of the support, the 
layers on the tw9 sides being the same or different. 

The layer may, and for many uses advantageously 
does, consist essentially of the molecular sieve 
material, or it may be a composite of the molecular sieve 
material and intercalating material which is also 
inorganic. The intercalating material may be the 
material of the support. If the layer is a composite it 
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may, as indicated above, contain macropores and/or 
micropores, bounded by molecular sieve portions, by 
portions of intercalating material, or by both molecular 
sieve and intercalating material. The material may be 
applied to the support simultaneously with or after 
deposition of the molecular sieve, and may be applied, 
for example, by a sol-gel process followed by thermal 
curing. Suitable materials include, for example, 
inorganic oxides, e.g., silica, alumina, and titania. 

The intercalating material is advantageously present 
in sufficiently low a proportion of the total material of 
the layer that the molecular sieve crystals remain 
contiguous . 

The invention further provides additional preferred 
processes for manufacturing a layer. 

The present invention accordingly also provides a 
process for the manufacture of a layer comprising a 
crystalline molecular sieve on a porous support, which 
comprises pre-treating the porous support to form at a 
surface thereof a barrier layer, and applying to the 
support a reaction mixture comprising a colloidal 
suspension of molecular sieve crystals, having a mean 
particle size of at most 100 nm and advantageously a 
particle size distribution such that at least 95% of the 
particles have a size within ±10%, preferably within 
±7.5%, of the mean, colloidal silica and optionally an 
organic structure directing agent, to form a supported 
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molecular sieve layer, and if desired or required 
calcining the .resulting layer. 

The invention also provides a supported layer formed 
by the process. 

The barrier layer functions to prevent the water in 
the aqueous reaction mixture from preferentially entering 
the pores of the support to an extent such that the 
silica and zeolite particles form a thick gel layer on 
the support . 

The barrier layer may be temporary or permanent. As 
a temporary layer, there may be mentioned an impregnating 
fluid that is capable of being retained in the pores 
during application of the reaction mixture, and readily 
removed after such application and any subsequent 
treatment . 

As indicated below, spin coating is an advantageous- 
technique for applying the reaction mixture to the 
support according to this and other aspects of the 
invention. The impregnating fluid should accordingly be 
one that will be retained in the pores during spinning if 
that technique is used; accordingly the rate of rotation, 
pore size, and physical properties of the fluid need to 
* be taken into account in choosing the fluid. 

The fluid should also be compatible with the 
reaction mixture, for example if the reaction mixture is 
polar, the barrier fluid should also be polar. As the 
reaction mixture is advantageously an aqueous reaction 
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mixture, water is advantageously used as the barrier 
layer. 

To improve penetration, the fluid barrier may be 
applied at reduced pressure or elevated temperature. If 
spin-coating is used, the support treated with the 
barrier fluid is advantageously spun for a time and at a 
rate that will remove excess surface fluid, but not 
remove fluid from the pores. Premature evaporation of 
fluid from the outermost pores during treatment may be 
prevented by providing an atmosphere saturated with the 
liquid vapour . 

As a temporary barrier layer suitable, for example, 
for an alpha-alumina support there may be especially 
mentioned water or glycol. As a permanent barrier 
suitable for an alpha-alumina support there may be 
mentioned titania, gamma-alumina or an alpha-alumina 
coating of smaller pore size. 

The colloidal suspension of molecular sieve crystals 
is advantageously prepared by the process indicated 
above, i.e., that described in PCT Application 
EP/92/02386. The colloidal silica may be prepared by 
methods known in the art; see for example Br inker and 
Scherer, Sol-Gel Science, Academic Press, 1990. A 
preferred method is by the acid hydrolysis of tetraethyl 
orthosilicate. The organic structure directing agent, if 
used, is advantageously one of those mentioned above. 

As indicated above, the reaction mixture is 
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advantageously applied to the support by spin-coating, 
the viscosity of the mixture and the spin rate 
controlling coating thickness- The mixture is 
advantageously first contacted with the stationary 
support, then after a short contact time the support is 
spun at the desired rate. After spinning, the silica is 
advantageously aged by retaining the supported layer in a 
high humidity environment, and subsequently dried, 
advantageously first at room temperature and then in an 
oven . 

In a further embodiment of the invention, there is 
provided a process for the manufacture of a layer 
comprising a crystalline molecular sieve on a porous 
support which comprises applying to the support by dip- 
coating a colloidal suspension of molecular sieve 
crystals, having a mean particle size of at most 100 nm 
and advantageously a particle size distribution such that 
at least 95% of the particles have a size within ±10%, 
preferably ±7.5%, of the mean, drying the resulting gel 
on the support and if desired or required calcining the 
resulting layer. . 

The invention also provides a layer made by the 

process. 

In this embodiment of the invention, the pH of the 
suspension is an important factor. For example, at a pH 
above 12, colloidal silicalite crystals tend to dissolve 
in the medium. Adhesion of the layer to the support 
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improves as pH is reduced, with acceptable adhesion being 
obtained between pH 7 and 11, good adhesion between pH 
4.0 and 7 , and very good adhesion below pH 4,0, although 
agglomeration of particles may occur at too low a pH. 

Adhesion of the layer to its support may be enhanced 
by the inclusion in the suspension of an organic binder 
or surfactant, the presence of an appropriate proportion 
of which may also reduce the incidence of cracks in the 
final layer. Among binders there may be mentioned 
polyvinyl alcohol (PVA) , advantageously with a molecular 
weight of from 1000 to 100000, preferably from 2000 to 
10000, and most preferably in the region of 3000, and 
hydroxyalkyl cellulose, especially hydroxypropyl 
cellulose (HPC) , advantageously with a molecular weight 
of from 50000 to 150000, and preferably in the region of 
100000. 

An appropriate proportion of crystals in the 
suspension may readily be determined by routine 
experiment; if the proportion is too low a continuous 
layer will not be reliably formed while if it is too high 
the layer will tend to contain cracks after calcination. 
For silicalite, advantageous lower and upper limits are 
0.5% (preferably 0.75%) and 1.5% respectively. 

The time spent by the support immersed in the 
suspension also affects the thickness of the layer and 
its quality. Advantageously the dip-time is at most 15 
seconds with a solution containing 1.1% by weight 
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silicalite crystals; an immersion of from 1 to 10 
seconds gives a crack-free layer of thickness 0.7 to 
3 fJLm. 

In our co-pending Application No. PCT/EP92/02330 , 
the entire disclosure of which is incorporated by 
reference herein, there is disclosed the formation of an 
aqueous synthesis mixture comprising a source of parti- 
culate silica in which the particles advantageously have 
a mean diameter of at most 1 y,m, seeds of an MFI zeolite 
having a mean particle size of at most 100 nm in the form 
of a colloidal suspension, an organic structure directing 
agent, and a source of fluorine or of an alkali metal, 
the synthesis mixture having an alkalinity, expressed as 
a molar ratio of 0H":Si0 2 of at most 0.1. Crystalliza- 
tion of this synthesis mixture produces very uniform, 
small, zeolite crystals. The proportion of seed, based 
on the weight of the mixture, is given as from 0.05 to 
1700 wppm. The synthesis mixture will additionally 
contain a source of any other zeolite component. 

In a further embodiment of the present invention, a 
seeding technique may be used. In this embodiment, the 
invention provides a process for the manufacture of a 
layer comprising a crystalline molecular sieve on a 
porous support, which comprises applying to or forming on 
the support a layer comprising amorphous silica contain- 
ing seeds of a zeolite having a mean particle size of at 
most 100 nm, and advantageously having a particle size 
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distribution such that at least 95% of the particle have 
a size within ±10%, preferably within ±7,5%, of the mean, 
subjecting the layer to hydrothermal crystallization, and 
if desired or required calcining the crystallized layer. 

Again, other components useful in forming the 
zeolite layer may be present. Such components may 
include, for example, an organic structure directing 
agent, which may be in salt form. 

The invention also provides a supported layer made 
by the process. 

The layer is advantageously applied to or formed on 
the support by dipcoating or spincoating, advantageously 
substantially as described above. 

If dipcoating is used, the support is advantageously 
dipped into a solution containing the amorphous silica in 
colloidal form, advantageously with a particle size at 
most 0.1 fJLTci ; the solution may if desired contain other 
components useful in forming the final zeolite layer. If 
spincoating is used, the silica may be of larger particle 
size but is advantageously colloidal. 

The layer thickness at this stage, after dipcoating 
or spincoating, is advantageously within the range of 
from 0.1 to 2 0 /xm. 

Hydrothermal crystallization to form the zeolite 
layer is advantageously carried out by immersing the 
layer in a solution described below, and heating for a 
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time and at the temperature necessary to effect 
crystallization . 

The solution advantageously contains either all the 
components necessary to form a zeolite or only those 
components necessary but which are not already present in 
the layer on the support. In the latter case, crystals 
do not form in the solution, which remains clear and may 
be re-used . 

After crystallization, the supported layer may be 
washed, dried, and calcined in the normal way. 

By this embodiment of the invention, a dense, 
homogeneous, and crack-free supported layer may be 
obtained. A 1 j^m thick zeolite layer may readily be 
obtained, with a grain size of 100 to 300 nm. 

In a further embodiment of the invention, molecular 
sieve crystals are synthesized in situ on the support. 
According to this embodiment, the invention provides a 
process for the manufacture of a layer comprising a 
crystalline molecular sieve on a porous support, which 
comprises preparing a synthesis mixture comprising a 
source of silica -and an organic structure directing agent 
in the form of a hydroxide in a proportion sufficient to 
effect substantially complete dissolution of the silica 
source in the mixture at the boiling temperature of the 
mixture, immersing the support in the synthesis mixture, 
crystallizing zeolite from the synthesis mixture onto the 
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support, and if desired or required calcining the 
crys ta 1 1 iz ed layer • 

The invention also provides a supported layer made 
by the process. 

The synthesis mixture will also contain a source of 
other components, if any, in the zeolite. 

Advantageously, to obtain colloidal material, 
crystallization is effected at a temperature less than 
120°C. As indicated in PCT/ EP92 / 02 3 86 , the lower the 
crystallization temperature the smaller the resulting 
particle size of the crystals. For zeolites made in the 
presence of an alumina source, the particle size may also 
be varied by varying the alumina content. The effect of 
varying the alumina content is, however, not the same for 
all zeolites; for example, for zeolite beta, the particle 
size varies inversely with alumina content while for an 
MFI-structured zeolite the relationship is direct. 

The substrate used in accordance with this aspect of 
the invention may be any one of those described above in 
connexion with other processes; an alpha-alumina support 
is advantageously used; the pore size may vary with the 
intended use of the layer; a pore size within the range 
100 nm to 1.5 jLtm may conveniently be used. 

It is surprising that in the process according to 
this aspect of the invention a satisfactory product 
results, it being found that neither of the expected 
problems of reaction of the support with the highly 



- 23 - 

alkaline synthesis mixture or simple settling of crystals 
formed in the bulk of the synthesis mixture onto the 
immersed support is encountered. 

Although the various processes of the invention 
described above yield a supported layer of good quality, 
the resulting layer may still contain apertures of 
greater size than desired for the intended use of the 
product. For example, apertures greater than those 
through the molecular sieve itself are undesirable if the 
supported layer is to be used for certain types of 
separation process since they result in a flux greater 
than desired and impaired separation. If this is the 
case, the supported layer may be subjected to a repara- 
tion procedure. In this procedure, the supported layer 
may be subjected to one of the various reparation 
techniques known to those skilled in the art. 

It is therefore in accordance with the invention to 
manufacture a supported layer by first carrying out one 
of the layer-forming processes according to the invention 
and described above and following it by reparation of the 
layer by a method" known per se. 

Preferably, however, the reparation is carried out 
by again subjecting the supported layer to a manufactur- 
ing process of the invention. 

The invention accordingly also provides a process 
for the manufacture of a supported layer in which one of 
the layer-forming processes above is carried out two or 




more times, or in which one of the processes above 
carried out one or more times is followed by another of 
the processes above, carried out one or more times, or in 
which one of the processes above is carried out two or 
more times with another or others of the processes above, 
carried out one or more times, intervening. The 
invention also provides a supported layer, especially a 
membrane, made by such a process. 

The layers according to the invention and produced 
in accordance with the processes of the invention may be 
treated in manners known per se to adjust their proper- 
ties, e.g., by steaming or ion exchange to introduce 
different cations or anions, by chemical modification, 
e.g., deposition of organic compounds into the pores of 
the molecular sieve, or by introduction of a metal. 

The layers may be used in the form of a membrane, 
used herein to describe a barrier having separation 
properties, for separation of fluid (gaseous, liquid, or 
mixed) mixtures, for example, separation of a feed for a 
reaction from a feedstock mixture, or in catalytic 
applications, which may if desired combine catalysed 
conversion of a reactant or reactants and separation of 
reaction products . 

Separations which may be carried out using a 
membrane comprising a layer in accordance with the 
invention include, for example, separation of normal 
alkanes from co-boiling hydrocarbons, especially n-C 10 to 
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C 16 alkanes from kerosene; separation of aromatic 
compounds from one another, especially separation of C 8 
aromatic isomers from each other, more especially . para- 
xylene from a mixture of xylenes and, optionally, 
ethylbenzene, and separation of aromatics of different 
carbon numbers, for example, mixtures of benzene, 
toluene, and mixed C 8 aromatics; separation of aromatic 
compounds from aliphatic compounds, especially aromatic 
molecules with from 6 to 8 carbon atoms from C 5 to C 10 
(naphtha range) aliphatics; separation of olefinic 
compounds from saturated compounds, especially light 
alkenes from alkane/alkene mixtures, more especially 
ethene from ethane and propene from propane; removing 
hydrogen from hydrogen-containing streams, especially 
from light refinery and petrochemical gas streams, more 
especially from C 2 and lighter components; and alcohols 
from aqueous streams. 

The supported layer of the invention may be employed 
as a membrane in such separations without the problem of 
being damaged by contact with the materials to be 
separated. Furthermore, many of these separations are 
carried out at elevated temperatures, as high as 500°C, 
and it is an advantage of the supported layer of the 
present invention that it may be used at such elevated 
temperatures . 

The present invention accordingly also provides a 
process for the separation of a fluid mixture which 
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comprises contacting the mixture with one face of a layer 
according to the invention in the form of a membrane 
under conditions such that at least one component of the 
mixture has a different steady state permeability through 
the layer from that of another component and recovering a 
component or mixture of components from the other face of 
the layer. 

The invention further provides a process for 
catalysing a chemical reaction which comprises contacting 
a feedstock with a layer according to the invention which 
is in active catalytic form under catalytic conversion 
conditions and recovering a composition comprising at 
least one conversion product. 

The invention further provides a process for 
catalysing a chemical reaction which comprises contacting 
a feedstock with one face of a layer according to the 
invention, that is in the form of a membrane and in 
active catalytic form, under catalytic conversion 
conditions, and recovering from an opposite face of the 
layer at least one conversion product, advantageously in 
a concentration differing from its equilibrium concentra- 
tion in the reaction mixture. 

The following examples illustrate the invention: 

Example 1 

This example illustrates manufacture of a layer by 
spin-coating with a temporary barrier layer. 

A porous alpha-alumina disk, diameter 25 mm, 
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thickness 3 mm, pore size 80 nm, is soaked in 
demineralized water for 3 days. The soaked disk is 
placed in the specimen chuck of a CONVAC Model MTS-4 
Spinner, and hot water is placed in the process cup to 
increase the humidity of the atmosphere. The disk is 
spun at 4000 rpm for 30 seconds. 

The disk is then immediately covered with a slurry 
comprising 25% by weight of Ludox (a trademark) AS-40 
colloidal silica and 75% by weight of an aqueous disper- 
sion containing 6.5% by weight colloidal silicalite (MFI) 
zeolite, mean particle size 50 nm. 10 seconds after 
contact between the slurry and the disk, the disk is spun 
at 4000 rpm for 30 seconds. The disk and the resulting 
silica-zeolite layer are kept in a closed vessel at 
relative humidity close to 100% for 3 hours to age the 
silica, air dried at room temperature for 2 hours and 
subsequently in an oven at 110°C for 2 hours. 

Under an optical microscope, the resulting silica- 
zeolite layer appeared smooth, crack-free, and 
homogeneous. Scanning Electron Microscopy (SEM) of a 
cross-section through the supported layer shows a layer 
about 1 pm thick containing uniformly sized zeolite 
particles - see Fig. 1. The homogeneity and continuity 
of the layer, coupled with its thinness, confirm that the 
resulting structure after calcining will form a layer 
according to the invention. 

In a comparison experiment, instead of soaking the 
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disk, it was dried at 150°C in air for 12 hours, other 
process steps remaining the same. As can be seen from 
the SEM cross section shown in Fig. 2, the resulting 
layer is about 40 /zm thick. It is also cracked, and not 
firmly attached to the substrate, making it unsuitable 
for use as a layer. 

Example 2 

This example illustrates manufacture of a layer by 
spin-coating using a permanent barrier layer. 

The support comprised an alpha-alumina base with a 
barrier layer of gamma-alumina, and was prepared as 
follows: 

A slurry was prepared by ball milling 800 g Al 2 0 3 in 
500 ml distilled water containing 4.3 ml hydrochloric 
acid for 16 hours to give alumina particles of mean 
diameter 0.5 pm. The slurry was degassed, poured into 
moulds and allowed to dry at ambient tempeature for 3 
days. The cast pieces were heated at 5°C/min to 1200°C, 
then, fired at 1200°C for 2 hours. The fired pieces were 
then polished front and back to a thickness of about 3 
mm. A gamma-alumina coating was applied by dipping the 
alpha-alumina piece once into a colloidal suspension of 
Boehmite, prepared by hydrolysis of alumina sec-butoxide 
in 600 ml water and 0.76 ml nitric acid. The Boehmite. 
layer was converted to gamma-alumina by heating to 400°C 
at a rate of 10°C/hour and holding for 24 hours. The 
coated product provides a support. 
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A silica sol was prepared from tetraethy lortho- 
silicate, water, and hydrochloric acid and aged at 50°C 
for 90 minutes. 

A suspension of silicalite 1, mean particle size 55 
nm, particle size range 40 to 70 nm, containing 8.7% by 
weight colloidal crystals in aqueous TPAOH , pH 10.3, was 
prepared and a coating slurry formed by mixing equal 
weights of the suspension and the sol. The resulting 
slurry was spin-coated onto the support at 4000 rpm. 

The resulting structure was then heated to 600 °C at 
a heating rate of 20°C/hour. The final layer structure 
is shown edge on and from the top surface in Figures 3 
and 4. The edge on view demonstrates that the layer 
thickness is about 0.2 /im and the top view shows the 
organization of the crystals in the layer, and that the 
crystals are incorporated into the layer with little or 
no change in crystal size and shape. 

Example 3 

This example illustrates the use of a layer accord- 
ing to the invention in the separation of a hydrocarbon 
mixture. 

The layer of Example 2 was used to separate an 
equimolar mixture of toluene, m-xylene, n-octane and iso- 
octane. The mixture was applied to the layer side of 
the layer structure in a continuous flow. A gas sweep 
(Argon 40-500 ml/min) was applied to the support side of 
the layer structure, and sampled by a gas chromatograph 
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operating with a 10 1 x 1/8" (about 3 m x 3 mm) stainless 
steel, GP5% SP1200/ 5% Bentone 34 on 100/120 Supelcoport 
column. The total pressure drop across the layer was 
1000 kPa. Analysis of the gc data shows that the layer 
permeate had an enhanced aromatics content relative to 
feed content- Representative data at a temperature of 
180 °C are shown in Figure 5, The plot shows the relative 
concentrations of toluene, m-xylene, n-octane and iso- 
octane as a function of elapsed time. The largest 
separation factor is observed for toluene/ iso-octane with 
a value of 10. The total flux of hydrocarbon through the 
layer corresponds to 100 kg/m 2 /day at the start and after 
16 hours to an average of 40kg/m 2 /day. 

Examples 4 to 2 6 
These examples illustrate manufacture of a layer by 
dip-coating. 

In each of the following Examples, a colloidal MFI 
zeolite crystal suspension having a mean particle size of 
70 nm was employed, together with a gamma-alumina- 
surfaced alpha-alumina support as described in Example 2. 
After dipping, the supported layer was dried at 40°C for 
3 hours, at a relative humidity of 60%. Each layer was 
heated at 10°C/hour to 550°C, maintained at that tempera- 
ture for 3 hours to effect calcination, and cooled to 
room temperature at 20°C/hour. 

Examples 4 to 9 

These examples were conducted at a dip time of 5 
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seconds, a concentration of zeolite of 1.1%, and 1.6 g/1 
of hydroxypropyl cellulose, varying the pH by adding 
small amounts of a one molar HN0 3 solution, the effect of 



. adhesion being 


shown. 




Example No. 


m ■ 


Adhesion 


4 


3 . 6 


very good 


5* 


5 . 2 


good 


6 


7 . 6 


acceptable 


7 


9 . 1 


acceptable 


8 


10. 6 


acceptable 


9 


11.7 


poor 



Observation of adhesion standard was subjective; the 
zeolite layer thickness varied between 1.5 and 2 /xm, as 
determined by S.E.M. 

Examples 10 to 14 
These examples were conducted at a dip time of 5 
seconds, a zeolite concentration of 1.1%, a pH of 3.5, 
and with different binders/surfactants. 



- 32 - 



Example No. Additive 



Cone . 

g/i 



Observation 
Ad; Conty 



10 



11 



12 



13 



14 



20 



20 



PVA, M = 72 000 
PVA, M = 3000 
HPC, M = 100000 1.6 



PVA, M = 3000 20 } 

HPC, M = 100000 1.6 } 



very bad; 
cracks 

acceptable ; 
cont . 

very good; 
cont . 

good; cont. 
none; cracked 



None 
Ad = adherence 
Conty = continuity of layer 
Cont = continuous 

Examples 15 to 20 
In these examples, the effects on the properties of 
the layer resulting from varying the zeolite concentra- 
tion were studied; the dip time was 5 seconds, pH was 
3.5, additive HPC, 1.6 g/litre. 



Example Zeolite 
No. Cone, g/1 



Layer Thickness 
Aim 



Observation 



15 
16 
17 

18 

19 

20 



0.1 
0.5 

0. 8 

1 . 1 

1.6 
2 . 1 



1. 0 



2 . 5 



5.0 



6 . 5 



not continuous 

not continuous 

continuous , 
few cracks 

continuous , 
few cracks 

continuous , 
cracks 

continuous , 
cracks 
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Examples 21 to 26 
In these Examples, the effect of the dipping time 
was studied; pH was 3.0, additive was HPC at 1.6 g/litre, 
zeolite content 1.1%. 

Example Dipping Time Layer Observation 



No. seconds Thickness 

21 1 0.7 to 1.1 no cracks 

22 3 1.5 to 2 no cracks 

23 6 2 no cracks 

24 10 2 to 3 no cracks 

25 20 3.5 cracks 

26 60 6.5 to 7 cracks 



The, experiments show that dipcoating can give good 
continuous layers of low thickness; reparation to remove 
cracks may be effected by multiple applications. 

Example 27 

This and the following example illustrate manufac- 
ture of a layer using hydrothermal crystallization 
techniques. In this example, the ageing solution 
contained all the zeolite-forming ingredients. 

A synthesis mixture was prepared from the following 
componeints, -in parts by weight: 
Colloidal ZSM-5 suspension, 50 nm mean 

particle size, 6.5% by weight ZSM-5 18.79 
Tetrapropylammonium bromide (TPABr ) 1.55 
Ludox AS-40 colloidal silica 6.25 
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Using the barrier-forming and spin-coating procedure 
of Example 1 a water-soaked alpha-alumina disk with 80 nm 
diameter pores is spincoated with part of the synthesis 
mixture. The coated disk is transferred to an autoclave 
and covered with the remainder of the synthesis mixture. 
The autoclave was transferred to an oven, heated to 160°C 
over the course of 2 hours, maintained at that temper- 
ature for 120 hours, and cooled to room temperature. 

The cooled coated disk was washed in flowing tap 
water for 4 hours, washed twice in demineralized water 
and then twice more at 80°C. The disk was dried by 
heating in an oven at 10°C/hour to 110°C / maintained at 
110°C for 5 hours, and allowed to cool at room 
temperature. Calcining was effected by heating at 
10°C/hour to 550°C, maintaining at that temperature for 
16 hours, and cooling at 60 °C per hour to room tempera- 
ture. 

From optical and SEM observations - see Fig 6 - the 
resultant layer is about 1 jim thick and crack-free, with 
a final grain size of from 100 to 300 nm. 



In this example, the ageing solution contained only 
those ingredients not already in the layer. 

A synthesis mixture was prepared from the following 
components, in parts by weight: 
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Colloidal silicalite 1 suspension, 20 to 30 nm 
particle size distributuion , 7.2 % by 
weight solids, including template present 
in the zeolite 20.00 

Ludox AS-40 colloidal silica 20.00 

Demineralized water 22.50 

An alpha-alumina disk was dipped into the solution 
for 5 seconds, and immediately placed in an autoclave and 
covered with an ageing solution, pH 11.5 with a molar 
composition of 6.36 (NH 4 ) 2 0/1 TPABr/130 H 2 O/0.96 HNO3 . 
The autoclave was put in an oven at 152 °C and maintained 
there for 7 days. After removal from the autoclave, the 
disk was repeatedly washed with demineralized water at 
70°C until the conductivity of the last wash - water was 
10 microsiemens per centimetre. The disk was then dried 
at 40°C, relative humidity 60%, for several hours, 
followed by drying for 1 hour at 105 °C. 

Visual inspection showed the disk to be very 
homogeneous and smooth; with no visual terracing or 
scaling. By SEM it was seen that the layer had the 
crystal habit of silicalite - see Fig. 7 - with a mean 
diameter of 100 ran; the cross-section - Fig. 8 - 
indicating a layer thickness of about 10 nm. 

Example 29 

This example illustrates in situ formation of 
zeolite crystals on a support. 

A synthesis solution was prepared from the following 
components, the parts being given by weight: 
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TPAOH (20% by weight in water) 
NaOH, pellets 
Si0 2 powder (10% of water) 

The sodium hydroxide was dissolved in the TPAOH 
solution at room temperature, -the silica added, and the 
mixture heated to boiling with vigorous stirring until a 
clear solution was obtained. The solution was cooled, 
weight loss compensated with demineralized water, and 
the solution filtered through a 0.45 /zm filter. The 
molar composition of the synthesis mixture was: 

0.52 Na 2 O/1.50 (TPA) 2 0/10 Si0 2 /142 H 2 0 

A quarter of an alpha-alumina disk, pore size 1 /xm, 
diameter 47 mm, was air dried for 2 hours at 150°C, and 
weighed. 25.05 g of synthesis solution was poured onto 
the disk in a 150 ml stainless steel autoclave. The 
autoclave was placed in an oven, heated up to 150 °C in 
the course of 1 hour and maintained at that temperature 
for 24 hours. 

After cooling the autoclave the support was removed, 
repeatedly washed with deionized water and air dried at 
150°C for 2 hours. A disk weight increase of 6.9 % was 
noted . 

The dried disk was then heated at 2°C/min to a 
temperature of 475°C and heated in air at that 



41. 02 
0. 58 
8 . 94 
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temperature for 6 hours. Comparison of SEMs of the 
original alpha-alumina surface - Fig- 9 - and of the 
calcined layer - Fig. 10 - shows that the surface of the 
disk is homogeneously coated with intergrown spherical 
crystals of about 0.4 fim size, which show the typical 
crystal habit of silicalite. 

Example 3 0 

Example 29 was repeated except that crystallization 
took place at 98°C for 19 hours. An SEM - Fig, 11 - 
again shows a homogeneous coating of the disk surface, 
but the crystal size is now smaller, between 0.2 and 
0 . 3 |xm . 

Example 3 1 

A synthesis solution was prepared as described in 
Example 29. The support was an alpha-alumina substrate 
with a pore size of 160 nm; this was dried at 185°C, 
placed on the bottom of a 300 ml stainless steel 
autoclave, covered with 220.4 g of synthesis solution , 
and the autoclave maintained at 120°C for 24 hours. 
After washing, drying and calcining at 475°C for 12 hours 
in air, the supported layer was examined by SEM. The 
photographs - Figs. 12 to 14 show the surface, Fig. 15 
shows a cross-section - indicate a uniform coating of 
0.3 intergrown silicalite crystals and a layer 

thickness of about 0.5 vltci. 



• • •• 



- 38 - 

CLAIMS 

1. A supported inorganic layer comprising 
contiguous particles of a crystalline molecular sieve, 
the particles having a mean particle size within the 
range of from 20 nm to 1 jxm. 

2. A supported inorganic layer comprising 
particles of a crystalline molecular sieve, the particles 
having a mean particle size within the range of from 20 
to 2 00 nm. 

3. A process for the manufacture of a layer by 
deposition on a support from a colloidal zeolite suspen- 
sion obtainable by preparing an aqueous synthesis mixture 
comprising a source of silica and an organic structure 
directing agent in the form of a hydroxide in a 
proportion sufficient to effect substantially complete 
dissolution of the silica source in the mixture at the 
boiling temperature of the mixture, and crystallization 
from the synthesis mixture at at most 120°C. 

4. A process as claimed in claim 3, wherein 
after its deposition on the support the supported 
zeolite layer is calcined. 

5. A process for the manufacture of a layer 
comprising a crystalline molecular sieve on a porous 
support, which comprises pre-treating the porous support 
to form at a surface thereof a barrier layer, and 
applying to the support a reaction mixture comprising a 
colloidal suspension of molecular sieve crystals, having 
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a mean particle size of at most 100 nm, colloidal silica 
and optionally an organic structure directing agent, and 
if desired or required calcining the resulting molecular 
sieve layer . 

6. A process as claimed in claim 4, wherein the 
barrier is a temporary barrier, and is advantageously 

water. ~ g|L - 

7. a process as claimed in claim 4 , wherein the 
barrier is a permanent barrier of smaller pore size than 
the support . 

8. A process for the manufacture of a layer 
comprising a crystalline molecular sieve on a porous 
support which comprises applying to the support by dip- 
coating a colloidal suspension of molecular sieve 
crystals having a mean particle size of at most 100 nm, 
drying the resulting gel on. the^uppo^nd if desired -or 
required calcining th;e~ resulting^ la^e£^~? ^ _ r ;~ 

9. a process for the manufacture of a layer- 
comprising a crystalline molecular sieve on a- porous 
support, which comprises applying to or formincpbn the 
support, a layer comprising amorphous silica, containing 
seeds of a zeolite having a mean particle size of at most 
100 nm, subjecting the layer to hydrothermal 
crystallization, and if desired or required calcining the 
crystallized layer . 

10. A process for the manufacture of a layer 
comprising a crystalline molecular sieve on a porous 
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support, which comprises preparing a synthesis mixture 
comprising a source of silica and an organic structure 
directing agent in the form of a hydroxide in a 
proportion sufficient to effect substantially complete 
dissolution of the silica source in the mixture at the 
boiling temperature of the mixture, immersing the support 
in the synthesis mixture, crystallizing zeolite from the 
synthesis mixture onto the support, and if desired or 
required calcining the crystallized layer. 

11. The layer produced by the process of any 
one of claims 3 to 10 or by any combination of such 
processes . 

12. A layer as claimed in claim 1 or claim 11, 
wherein the particle size of the molecular sieve crystals 
in the layer is within the range of from 20 to 500 nm, 
advantageously from 20 to 300 nm. 

13. a layer as claimed in any one of claims l, 
2, 11 and 12, wherein the particle size distribution is 
such that at least 95% of the particles have a size 
within ±33% of the mean, advantageously ±10% of the mean, 
and preferably ±7.. 5% of the mean. 

14. a layer as claimed in any one of claims 1, 2 
and 11 to 13, wherein the layer thickness is within 

the range of from 0.1 to 15 /zm, advantageously 0 . 1 to 
2 /im . 

15. a layer as claimed in any one of claims 1, 
2, and 11 to 14, wherein the layer primarily contains 
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nanopores i.e., pores between 1 and 10 nm. 

16. A layer as claimed in any one of claims 1, 2 
and 11 to 14, wherein the layer primarily contains 
micropores, i.e., pores between 0.2 and 1 nm. 

17. a layer as claimed in any one of claims 1, 
2, and 11 to 14, wherein the layer comprises molecular 
sieve crystals in a particulate matrix, the pore struc- 
ture being defined by the interstices between the 
particles, between the crystals, and between the 
particles and the crystals, the pore structure 
advantageously being between 0.2 and 1 nm in size. 

18. A layer as claimed in any one of claims 1, 
2, and 11 to 17, wherein the molecular sieve is a 
zeolite . 

19. A process for the separation of a fluid 
mixture which comprises contacting the mixture with one 
face of a layer as claimed in any one of claims 1, 2 and 
11 to 18 under conditions such that at least one 
component of the mixture has a different steady state 
permeability through the layer from that of another 
component and recovering a component or mixture of 
components from the other face of the layer. 

20. A process for catalysing a chemical reaction 
which comprises contacting a feedstock with a layer as 
claimed in any one of claims 1, 2, and 11 to 18, which 

is in active catalytic form under catalytic conversion 
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conditions and recovering a composition comprising at 
least one conversion product. 

21. A" process for catalysing a chemical reaction 

which comprises contacting a feedstock with one face of a 
layer as claimed in any one of claims 1, 2, and 11 to 18, 
that is in the form of a membrane and in active catalytic 
form, under catalytic conversion conditions, and recover- 
ing from an opposite face of the layer at least one 
conversion product, advantageously in a concentration 
differing from its equilibrium concentration in the 
reaction mixture. 
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EXXON CHEMICAL PATENTS, INC. Case No. 93A007 

ABSTRACT 

"Molecular Sieve Layers and Processes 
for their Manufacture 11 

Layers comprising a molecular sieve layer on a 
porous or non-porous support, having uniform properties 
and allowing high flux are prepared from colloidal 
solutions of zeolite or other molecular sieve precursors 
(particle size less than 100 nm) , by deposition, e.g., by 
spin or dip-coating, or by in situ crystallization. 
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